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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a low drop out
voltage regulator.

BACKGROUND OF THE INVENTION

[0002] Portable electronic devices, such as mobile tel-
ephones and ultra portable computing devices, frequent-
ly use batteries to power them. At the time of writing such
devices typically use 3.6 volt rechargeable batteries.
However these batteries have a start of life voltage of up
to 4.2 volts and, if the user removes the battery whilst
keeping the battery charger connected to the device then
the voltage provided by some poorly regulated chargers
can increase to 5.5 volts or so. Therefore a voltage reg-
ulator is provided between the battery and the circuits
that it powers in order to ensure that these circuits see a
nominally constant voltage. These circuits are often dig-
ital circuits and are commonly fabricated using sub-mi-
cron CMOS integrated circuit manufacturing technology
which often has a maximum supply voltage of 3.6 volts
or lower.
[0003] Whilst an additional circuit may be provided to
act as the low drop out voltage regulator, and the addi-
tional circuit could use transistors formed in a different
technology, it would be advantageous if the voltage reg-
ulator could be implemented on the same semi-conduc-
tor die as the CMOS integrated circuits.
[0004] US 2008/007242 describes a regulator for gen-
erating, from a first power supply voltage exceeding the
breakdown voltage of a low voltage transistor block, a
second power supply voltage lower than or equal to the
breakdown voltage of the low voltage transistor block,
which includes an operational amplifier including low volt-
age transistors and high voltage transistors.
[0005] "A full CMOS voltage regulating circuit for bio-
implantable applications", by Ahmadi et. al., 48th Mid-
west Symposium on Circuits and Systems, pages
988-991, August 2005 describes the design of a voltage
regulating circuit in a 0.18mm standard CMOS process.
[0006] EP 1635239 describes an adaptive biasing con-
cept for current mode voltage regulators.

SUMMARY OF THE INVENTION

[0007] According to the present invention there is pro-
vided a low voltage drop out regulator comprising:

first and second field effect transistors arranged in
series between a regulator input and a regulator out-
put;
a third field effect transistor co-operating with the first
field effect transistor to form a first current mirror;
a fourth field effect transistor co-operating with the
second field effect transistor to form a second current

mirror;
first and second control transistors connected in se-
ries with the third and fourth field effect transistors
respectively so as to control the current flowing in
the third and fourth field effect transistors; and
a controller arranged to determine a control signal
based on a comparison between an output voltage
of the regulator output and a predetermined refer-
ence voltage, and to provide the control signal to the
first and second control transistors.

[0008] Preferably the control transistors are bipolar
transistors. However the control transistors could also be
formed by a plurality of series connected field effect tran-
sistors - in much the same configuration as the first and
second field effect transistors are. Advantageously the
bipolar transistors are parasitic devices formed with the
creation of the field effect transistors. Such parasitic tran-
sistors have large dimensions compared to the field effect
transistors and this gives them break-down voltages in
excess of the break-down voltage of the field effect tran-
sistors. It should also be noted that other options such
as MOS or DMOS devices could be used.
[0009] By placing the first and second field effect tran-
sistors in series it becomes possible to share the voltage
drop between the regulator input voltage and the regu-
lator output voltage across the transistors. Thus even
though the voltage difference between the regulator input
voltage and the regulator output voltage may exceed the
breakdown voltage for the implementing transistor tech-
nology, with care this voltage can be equally shared be-
tween the transistors such that each is subjected to less
than its breakdown voltage.
[0010] Advantageously a biasing arrangement is pro-
vided for each of the first and second transistors which
acts to share the voltage drop equally across them. Ad-
vantageously the biasing arrangement is provided by cur-
rent mirrors. The inventors realised that use of a current
mirror action would cause voltage stabilisation to occur
locally at each of the first and second transistors. As such,
one would expect that the transistors are reasonably well
matched. In use, each of the first and second transistors
is the "slave" transistor in a current mirror and the "mas-
ter" transistors of a current mirror are each controlled to
pass
the same current. However the first and second transis-
tors are in series so, by Kirchoffs laws, they have to pass
the same current. The interaction that this creates causes
the drain-source voltage of each transistor to tend to-
wards the same value, thereby causing the voltage drop
between the regulator input and the regulator output to
be equally divided between the transistors.
[0011] This technique is extensible so further transis-
tors could be provided in series with the first and second
transistors to allow for an even greater voltage drop to
be accommodated by the regulator.
[0012] Advantageously each of the first and second
transistors is in parallel with a bypass arrangement which
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allows the voltage drop occurring across the transistors
to be equally divided between them even when the tran-
sistors are switched into a non-conducting state. In a pre-
ferred embodiment each transistor has a plurality of se-
ries connected diodes in parallel with it. The diodes are
selected such that the voltage drop across each individ-
ual diode junction is less than the 0.6 to 0.7 volts that
would normally be expected to turn the diode on. Under
these conditions a very small leakage current exists
which acts to distribute the voltage between the first and
second transistors. Other bypass arrangements could be
used such as diode connected transistors.

BRIEF DESCRIPTION OF THE FIGURES

[0013] The present invention will further be described
by way of non-limiting example only, with reference to
the accompanying drawings, in which:

Figure 1 is a circuit diagram of a low voltage drop
out regulator constituting a preferred embodiment of
the present invention;

Figure 2a and 2b schematically illustrates the struc-
ture of NMOS and PMOS transistors within a CMOS
integrated circuit; and

Figure 3 is a plot showing the leakage current
through the diode stacks in series with the first and
second transistors in the circuit illustrated in Figure 1.

DESCRIPTION OF PREFERRED EMBODIMENT OF 
THE INVENTION

[0014] Figure 1 is a circuit diagram of a low drop out
voltage regulator, generally indicated 2, which serves to
accept an unregulated voltage at an input node 4 and to
provide a regulated voltage at an output node 6. In broad
terms, the low drop out voltage regulator consists of three
main stages, namely an error amplifier with built in band
gap reference, generally designated 10, an inverting am-
plifier stage (with a compensation capacitor) generally
designated 12 and an output driving network generally
designated 14. The design of the inverting stage is dis-
cussed more fully in US 5,631,598, the teachings of which
are incorporated by reference. The purpose of the error
amplifier is to measure the voltage occurring at the output
node 6 and to compare it with a reference voltage and
on that basis to output a signal indicating the size and
direction of the error between the actual output voltage
and a target output voltage. This error is amplified within
the inverting amplifier 12 and then supplied to the output
stage driving network 14. The output stage driving net-
work 14 also has the task of ensuring that the voltage
dropped by the regulator 2 is equally distributed across
the first and second series connected power transistors
M1 and M2, respectively. The error amplifier and inverter
stage can be regarded as forming a controller for con-

trolling the output stage driving network.
[0015] The regulator shown in Figure 1 can be regard-
ed as a "high side" voltage regulator in that the power
transistors M1 and M2 are in the positive voltage rail be-
tween a power source and a load. It will be appreciated
that by an appropriate selection of components the reg-
ulator could also be implemented as a low side regulator.
However for simplicity the following discussion will focus
on the implementation of a high side regulator. The first
and second power transistors M1 and M2 are P-type field
effect transistors connected in series between the volt-
age regulator input 4 and the voltage regulator output 6.
It is often convenient to think of a field effect transistor
as being a three terminal device having a source, a drain
and a gate. However, as can be seen in Figure 2, the
field effect transistor is really a four terminal device com-
prising a source, a drain, a gate and a back gate. Figure
2a shows a structure of a PMOS transistor and an NMOS
transistor within an integrated circuit. Typically the inte-
grated circuit will have a substrate 20 which is doped so
as to form a first type of semiconductor, which in this
example is a P-type such that we have a P-type substrate.
In order to form an NMOS transistor N-type regions 22
and 24 are formed in the substrate. A space exists be-
tween the regions 22 and 24 which is filled by a gate 26
deposited over an insulating layer 28 such as silicon di-
oxide.
[0016] The formation of a P-type field effect transistor
is more complex. Firstly an N-type well 30 has to be
formed within a region of the P-type substrate 20. Having
formed the N-type well P-type regions 32 and 34 are
formed in order to create the source and drain of the
PMOS field effect transistor. The space between the
source and drain regions is covered by a metallised gate
36 which, as with the N-type transistor, sits above a layer
of insulating material. Thus so far the structure of the P-
type field effect transistor mirrors that of the N-type field
effect transistor with the addition of the fact that the P-
type transistor is formed within an N-type well 30 within
the P-type substrate 20. However, an additional step has
to be taken in order to ensure that there is no current flow
between the N-type well 30 and the P-type substrate 20.
Thus a further N-type region 40 is formed within the N-
type well 30 such that a voltage can be applied via this
further region to bias the parasitic diode formed between
the N-type well 30 and the P-type substrate 20 into an
off state. This further electrode 40 is referred to as a "back
gate".
[0017] It should be noted that the process described
with respect to Figure 2a can be varied as shown in Figure
2b. This variation is readily available at semiconductor
fabrication facilities. In the variation the NMOS devices
are not formed directly within the substrate but instead
are isolated from it. In order to achieve this the NMOS
device is fabricated within a P-well 42 which is formed in
a deep N-well 44 within the P-type substrate 20.
[0018] It is worth noting that as part of the CMOS ap-
plication process several parasitic components are inev-
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itably formed. Thus parasitic diodes can be formed when-
ever there is a junction between an N-type and a P-type
semiconductor and normally steps are taken to ensure
that the voltages applied within the circuit bias these di-
odes into the off state.
[0019] Similarly parasitic bi-polar transistors are creat-
ed. For example vertical NPN bi-polar transistors can be
formed by the interaction between the N-type channels
22 of the NMOS device the P-well 42 an the N-well 44 in
Figure 2b with the P-type substrate whereas parasitic
PNP transistors can be formed in the vicinity of the P-
type field effect transistors. The inventors noted that
these parasitic transistors typically have dimensions
which are much larger than the CMOS devices that were
specifically fabricated within the integrated circuit. The
breakdown voltage of the transistor within the integrated
circuit depends greatly upon the size of the device and
consequently these parasitic bi-polar transistors have
much larger breakdown voltages because their physical
structure extends over larger distances. In practical terms
this means that a semiconductor process such as a 3.6
volt CMOS process generates CMOS transistors which
have breakdown voltages safely above 3.6 volts to pro-
vide reliable operation at this voltage, but also generates
parasitic bi-polar transistors which have significantly
higher breakdown voltages. The inventors have realised
that these parasitic bi-polar transistors could be utilised
in the formation of an integrated voltage regulator. How-
ever the inventors have also realised that the transistors,
being parasitic in their nature, exhibit low gains.
[0020] Returning to Figure 1, we see that the transis-
tors M1 and M2 are series connected. However it is im-
portant that each transistor sees the same bias and op-
erating conditions in order to ensure good matching. In
practical terms, this means that the back gate of the first
transistor M1 is connected to the source of the first tran-
sistor M1 whereas the back gate of the second transistor
M2 is connected to the source of the second transistor
M2. The source of the first transistor M1 is connected to
the input node 4 and the drain of the first transistor M1
is connected to the source of the second transistor M2.
The drain of the second transistor M2 is connected to the
regulator output 6. To aid subsequent understanding of
the circuit, it is convenient to think of an intermediate
node 50 existing between the drain of the first transistor
M1 and the source of the second transistor M2.
[0021] The first transistor M1 is associated with a fur-
ther P-type field effect transistor M3 such that these de-
vices form a current mirror. Therefore, a source of the
transistor M3 is also connected to the input node 4 such
that the source voltages of transistors M1 and M3 are
identical. The gates of the transistors M1 and M3 are
connected together such that the gate voltages are iden-
tical. However the gate of transistor M3 is connected to
the drain of transistor M3 in order to form the "master"
transistor of the current mirror. In use, current is drawn
through the transistor M3 and this will cause the gate
voltage, and more particularly the gate-source voltage

VGS, of M3 to take whatever value is required in order to
support that current flow. Of course VGS of M3 is supplied
to M1 and hence M1 will also try to pass the same current,
subject to any scaling between the relative sizes of the
transistors. In the arrangement shown in Figure 1 M1 is
significantly larger than M3, for example a factor of a
thousand or so, such that the current that M1 tries to pass
will be the same as the current passing through M3 mul-
tiplied by the scaling factor. Thus, if M1 is 1000 times
larger than M3 then M1 will seek to pass 1000 times the
current passing through M3.
[0022] A second current mirror comprising the second
transistor M2 and a fourth P-type field effect transistor
M4 is also provided. A second current mirror has a design
similar to that of the first current mirror. Thus the source
of transistor M4 is connected to the source of transistor
M2, the gate of transistor M4 is connected to the gate of
transistor M2 and the gate of transistor M4 is also con-
nected to the drain of the second transistor M4. M4’s
back gate is also connected to its source. Thus, as with
the first current mirror, the current flowing through the
transistor M2 of the second current mirror is controlled
by the current flowing through M4 but subject to the scal-
ing factor between the transistors M2 and M4. In practice
current mirrors are matched such that each exhibits the
same scaling factor.
[0023] In use, and as will be discussed later, the cur-
rents passing through transistors M3 and M4 are identical
and this has the consequence that each of the transistors
M1 and M2 tries to pass the same current. Inevitably in
the absence of any alternative current flow paths they
have to pass the same current because they are series
connected. However, because each transistor M1 and
M2 is seeking to pass the same current and each tran-
sistor M1 and M2 has the same gate source voltage, then
under ideal conditions each transistor M1 and M2 has
the same drain-source voltage, and consequently the
voltage drop between the input node 4 and the output
node 6 is shared equally between the transistors M1 and
M2. In practise slight mismatching between the devices
may occur, but this only results in slight differences be-
tween the drain source voltages occurring across each
transistor.
[0024] In order to ensure that M1 and M2 are biased
strongly into the non-conducting state when the voltage
regulator is off high value pull-up resistors are provided.
A first resistor 52 extends between the gate of transistor
M1 and its source whereas a similar resistor 54 is pro-
vided for transistor M2. The provision of these resistors
stops the gate voltage floating when the regulator is off.
However, it can be seem that in the off state when no
current is being drawn through the transistor M3 then the
presence of the resistor 52 allows the drain voltage of
M3 to float towards the voltage at the regulator input node
4. This means that a breakdown voltage in excess of the
CMOS breakdown voltage could be experienced by a
device connected between the drain of M3 and the low
voltage rail VSS. A device in this position, which can be
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considered as being a control transistor, must also con-
trol the current drawn through the third transistor M3. The
inventors realised that one of the parasitic bi-polar tran-
sistors could be placed in this position as it can be used
to both control the current passing through M3 and also
has the capability to withstand the entirety of the voltage
drop that might occur across it when, for example, a pow-
er supply is still attached to the portable device but the
battery has been removed. Consequently one of the par-
asitic NPN bi-polar transistors, designated Q1, is con-
nected such that its collector is connected to the drain of
the transistor M3 whereas the emitter of Q1 is connected
to the low voltage rail VSS, either directly as shown in
Figure 1 or potentially via a degenerating resistor. Simi-
larly a second parasitic NPN bi-polar transistor is con-
nected between the drain of the fourth field effect tran-
sistor M4 and the low voltage rail VSS. Base terminals of
the transistors Q1 and Q2 can be connected together
and in a current mirror configuration to the base and col-
lector terminals of a further NPN transistor Q3 such that
the current flowing in the first current mirror formed by
transistor M1 and M3 is identical to the current flowing in
the second current mirror by transistors M3 and M4 be-
cause the current flowing in transistors Q1 and Q2 is
identical to that flowing in transistor Q3 by virtue of the
current mirror action formed around transistors Q1, Q2
and Q3.
[0025] Q3 is driven by the inverter stage 12. The in-
verter stage uses the classic long tail pair configuration
that is often used in differential amplifiers. N-type field
effect transistors M5 and M6 form the differential input
stage with the gate of M5 forming one input to the differ-
ential amplifier and the gate of M6 forming the other input.
The sources of M5 and M6 are connected together and
via a constant current sink 60 to the ground or lower volt-
age supply rail VSS. It is important to note that the sum
of the current flowing through M5 and M6 is a constant
value set by the current sink 60 and that, in the limiting
case where one of transistors M5 or M6 is switched hard
off and the other one of the transistors M5 or M6 is on,
then the maximum current flowing through either transis-
tor is set to the value ISINK determined by the current sink
60. In order to ensure the circuit symmetry the drain of
each transistor M5 and M6 is connected to an active load.
The active load for transistor M5 is formed by a PMOS
transistor M7 whose source is connected to the regulator
output node 6, whose drain is connected to the drain of
transistor M5 and whose gate is also connected to its
drain such that the transistor M7 is in a diode connected
configuration. A similarly configured transistor M8 forms
the active load for transistor M6. The transistor M7 also
forms the "master" transistor for a further current mirror
formed between transistor M7 and M9. Thus M9 is a P-
type field effect transistor whose source is connected to
the source of M7 and whose gate is connected to the
gate of M7. Thus, because the gate-source voltage of
each transistor is the same then notionally each transistor
will try to conduct the same current subject to any scaling

factors between them. Transistor M9 is provided in series
with the collector of transistor Q3 such that M9 controls
the amount of current flowing through transistor Q3.
[0026] An important consequence of this repeated use
of current mirrors in stages 12 and 14 is that the current
flowing through the current sink 60 directly controls the
maximum current that can pass through the transistors
M5 and M7, and consequently the maximum current that
can pass through transistor M9 and Q3, and thereby the
maximum current that flows through transistors Q1 and
Q2, and hence the maximum current that flows through
transistors M3 and M4 and thereby the maximum current
that can flow through transistors M1 and M2. Thus the
transistors M1 and M2, although they normally act to pro-
vide voltage regulation, in the limiting case can be relied
upon to provide current limiting because the action of the
various current mirrors in association with the current sink
60 limits the maximum current that these transistors are
allowed to pass. Low drop out regulators often implement
current limiting to protect on-chip wiring and bondwires
from damaging currents during start up, over-load or
short circuit conditions but most regulators require addi-
tional circuitry to implement the current limiting feature.
Here it becomes available as part of the inherent design.
[0027] The error amplifier 10 will now be briefly de-
scribed. Any error amplifier configuration having either a
dual ended or single ended output could be used as, in
use, one of the inputs of the differential amplifier formed
by M5 and M6 could be tied to a reference voltage. The
error amplifier comprises three bi-polar NPN transistors
Q4, Q5 and Q6 of which Q4 and Q5 are arranged in a
current mirror configuration with Q4 acting as the "mas-
ter". A collector of Q4 receives a current from a current
source 62 whereas the collector of Q5 receives current
from a current source 64. The current sources 62 and 64
are matched such that they provide the same current.
The emitter of Q4 is connected to the source of a P-type
field effect transistor whose gate and a drain are con-
nected to Vss. The emitter of Q5 is also connected to a
source of a P-type field effect transistor whose drain is
connected to VSS. However the gate of this further field
effect transistor M11 is connected to a further network
comprising resistors r1 to r4, and transistor Q6. The tran-
sistor Q6 has its emitter connected to the gate of field
effect transistor M11 and to VSS via resistor r4. The base
and collector of transistor Q6 are connected together and
via resistor r3 to a node formed between series connect-
ed resistors r1 and r2 that extend between the regulator
output node 6 and VSS. An emitter ratio 1 to N exists
between transistors Q4 and Q5. The output voltage at
the collector of Q4 is independent of the output voltage
Vout, whereas the output voltage at the collector of Q5
varies. When the LDO is in equilibrium the differential
output voltage of the error amplifier is zero and the output
voltage of the LDO Vout is represented by the equation 
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where

Vt is the thermal voltage 

Ln represents the natural logarithm,

N is the ratio between Q4 and Q5 and

Vbe represents the band gap base emitter voltage of
a bi-polar transistor.

[0028] Thus, in use, the error amplifier 10 measures
the voltage Vout, compares it with its inherent internal
reference voltage, and produces an error voltage which
is provided to the gate of M6 and which is compared to
a reference which is provided to the gate of M5. Depend-
ing on the difference between these voltages, either more
current or less current flows through transistors M7, M9,
Q3 and hence Q1 and Q2 and ultimately through M1 and
M2 such that the voltage of the output node 6 is stabilised
towards a target voltage. In order to provide stability a
compensation capacitor C extends between the output
node 6 and the voltage provided to the gate of transistor
M6.
[0029] A mobile device, or indeed any device, need
not always be on and consequently the voltage regulator
must also cope with these conditions. In the off condition
transistors M1 and M2 are biased fully off. We may as-
sume that a load remains permanently connected to the
regulator, for example because it is integrated into a per-
sonal communications device such as a mobile tele-
phone and the load can be represented by a resistor Rload
optionally in parallel with a capacitor. Therefore in the off
condition Vout which is the voltage at the output node 6
tends towards VSS. Under these conditions the full un-
regulated voltage occurring at the input node 4 occurs
across the first and second transistors M1 and M2. There-
fore even in the off state some precaution must be taken
to ensure that the voltage dropped across the series con-
nected transistors M1 and M2 is shared equally between
them such that neither exceeds its breakdown voltage.
In a preferred embodiment each transistor is associated
with its own diode stack connected in parallel to it. The
first diode stack 70 comprises four series connected by-
pass diodes and similarly the second diode stack 72 also
comprises four serially connected bypass diodes. Nor-
mally diodes are regarded as passing substantially no
current until the diode threshold voltage of approximately
0.6 to 0.7 volts is exceeded. However in reality this is not
true and the current through the diode can be approxi-
mated by the equation 

where

I is the current through the diode
I0 is the saturation current
e is the electron charge
T equals the temperature in kelvin
V equals volts
k equals Boltzmann’s constant

[0030] Thus, for a forward biased diode there is always
a current flow but typically when the voltage across the
diode is less than the 0.6 to 0.7 volts normally regarded
as the turn on voltage then the current is very very small.
The inventors have utilised this feature to ensure that the
voltage at the intermediate node 50 takes a value Vmid
which is substantially half of the voltage at the input node
4 when the regulator is in the off mode, but that the current
passing through the diode stack in order to achieve this
condition is very very small. Figure 3 schematically
shows the current passing through the diode stacks as
a function of the voltage Vd across each diode stack.
[0031] Taking the situation of a mobile telephone using
the 3.6 volt battery technology, then the start up voltage
of the battery is around 4.2 volts so each diode stack
would have to drop 2.1 volts as represented by the ver-
tical line 80. The graph also shows a further vertical line
82 at 3.6 volts representing the maximum permissible
voltage that may be dropped across either one of the
transistors M1 and M2. The graph also includes three
curves with the curve 84 representing the nominal current
flow through the diodes and curves 86 and 88 represent-
ing the worst case characteristics as a result of process
variation during fabrication and temperature variation.
Thus, we see that in the off state with a fully charged
battery the voltage dropped across each stack should be
2.1 volts and that the current flow through the voltage
stack as represented by line 84 should be around 8 nA.
This is truly insignificant and does not represent an un-
acceptable drain on the battery. Even in the worst case
scenario as represented by line 88 the current drain is
about 2 mA (microamps) and this is again small compared
to the internal discharge process of the rechargeable bat-
tery. Therefore the diode stack provides a way of pro-
tecting the transistors when the regulator is in the off state
without incurring any significant current penalty.
[0032] As noted earlier, the transistors are in series
and without the presence of the diode stacks 70 and 72
would have to pass the same current. However the pres-
ence of the diode stacks 70 and 72 now provides addi-
tional current flow paths in the event that there is a slight
imbalance between the transistors. The transistor cur-
rents when they are on should be accurately matched
because Vgs and Vbs (back-gate to source voltage) are
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well matched, but even if they were not then in the worse
case scenario represented by line 86 the diode stacks
would allow an imbalance of approximately 500 mA to
occur between the current mirrors before either one of
the transistors came close to its maximum operating volt-
age. When the transistors are off the leakage current is
expected to be dominated by leakage through the source
and drain junctions. This will not be matched because
the source, drain and back-gate voltages of the devices
will be different.
[0033] Returning to Figure 1, it can be seen that the
circuits 10 and 12 controlling the current flow through the
transistors M1 and M2 receive their power from down-
stream of the transistors. Therefore having switched the
transistors M1 and M2 into a non-conducting state no
power is available for circuits 10 and 12. In order to over-
come this a start up circuit is provided comprising tran-
sistors Q8, Q9 and Q10. It will be assumed that another
part of the device handles a start up process and can
provide a voltage, typically equal to the digital supply volt-
age to a "switch on" node 90. This node is connected to
a collector of NPN transistor Q8 via a P-type FET 92 and
a current limiting resistor 94. Q8 has its emitter connected
to the supply rail VSS and its base connected to its col-
lector such that it forms the "master" transistor of a current
mirror involving transistors Q9 and Q10. Q9 is connected
in parallel with Q1 and Q10 is connected in parallel with
Q2. Consequently when a turn on voltage is provided to
the node 90 a current defined by resistor 94 flows through
Q8 and is mirrored into transistors Q9 and Q10 which
turn on thereby enabling a start up current to flow through
transistor M3 and transistor M4. This in turn causes tran-
sistors M1 and M2 to become conducting. As these tran-
sistors become conducting the output voltage at the out-
put node Vout starts to rise until such time as the output
voltage is sufficient in order to turn circuits 10 and 12 on
into their operational states. Once this occurs, it then be-
comes desirable to switch off the start up circuit in order
to avoid conflict between the current passing through
transistors Q9 and Q10 and the control loop formed by
circuit blocks 10 and 12. In order to do this a bias detection
circuit 96 is provided which monitors the build up of volt-
age on the output node 6 and once it has reached a
threshold voltage sufficient to guarantee normal opera-
tion of the circuits 10 and 12, then the bias circuit 96
outputs a signal on control line 98 which is provided to
the gate of the P-type field effect transistor 92 so as to
switch the transistor into a non-conducting state thereby
turning off current flow through Q8, Q9 and Q10.
[0034] It is thus possible to provide a low drop out volt-
age regulator which uses two field effect transistors in
series to drop a voltage which, in the worst case scenario,
can safely exceed the individual breakdown voltages of
each transistor. Furthermore, by implementing the volt-
age sharing function across the transistors by a controller
loop using current mirrors, then the transistors can also
perform maximum current limiting. It is thus possible to
provide a reliable voltage regulator which can be fabri-

cated using low voltage CMOS technology without re-
quiring any additional processing steps.

Claims

1. A low drop out voltage regulator comprising first and
second field effect transistors (M1, M2) arranged in
series between a regulator input (4) and a regulator
output (6);
a third field effect transistor (M3) co-operating with
the first field effect transistor (M1) to form a first cur-
rent mirror;
a fourth field effect transistor (M4) co-operating with
the second field effect transistor (M2) to form a sec-
ond current mirror;
first and second control transistors (Q1, Q2) con-
nected in series with the third and fourth field effect
transistors respectively so as to control the current
flowing therein; characterised by a controller (12,
10) arranged to determine a control signal based on
a comparison between an output voltage at the reg-
ulator output and a predetermined reference voltage,
and to provide the control signal to the first and sec-
ond control transistors (Q1, Q2).

2. A low drop out voltage regulator as claimed in claim
1, characterised by further comprising a first volt-
age limiter (70) in parallel with the first field effect
transistor and a second voltage limiter (72) in parallel
with the second field effect transistor.

3. A low drop out voltage regulator as claimed in claim
2, characterised in that the first voltage limiter (70)
comprises a first plurality of a semiconductor devices
arranged in series, and the second voltage limiter
(72) comprises a second plurality of semiconductor
devices arranged in series.

4. A low drop out voltage regulator as claimed in claim
3, characterised in that the semiconductor devices
comprise a plurality of diodes or a plurality of diode
connected transistors.

5. A low drop out voltage regulator as claimed in any
of the preceding claims, characterised in that the
control transistors (Q1, Q2) are first and second bi-
polar transistors or are series connected MOS tran-
sistors.

6. A low drop out voltage regulator as claimed in claim
5, characterised in that the first and second bipolar
transistors (Q1, Q2) are driven by at least one further
current mirror and wherein the current in the current
mirror is limited so as not to exceed a first threshold.

7. A low drop out voltage regulator as claimed in claim
6, characterised in that the first threshold is select-
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ed based on properties of the first and second current
mirrors such that the current through the first and
second field effect transistors is limited to a threshold
value.

8. A low drop out voltage regulator as claimed in any
of the preceding claims, characterised in that the
first and second transistors are formed in individual
wells in a semiconductor substrate such that each
transistor has a back-gate connected to a source
terminal.

9. A low drop out voltage regulator as claimed in claim
5, characterised in that the first and second bipolar
transistors (Q1, Q2) are parasitic transistors result-
ing from formation of field effect transistors in a triple
well process.

10. A low drop out voltage regulator as claimed in any
of the preceding claims, characterised in that the
field effect transistors have a first breakdown voltage
less than the maximum working input voltage of the
regulator and the control transistors have a break-
down voltage in excess of the maximum working in-
put voltage of the regulator.

11. A low drop out voltage regulator as claimed in any
of the preceding claims, characterised in that the
controller (10, 12) forms a control current which in-
creases when the output voltage at the regulator out-
put falls below a target output voltage.

12. A low drop out voltage regulator as claimed in any
of the preceding claims, characterised in that the
controller receives its power from the output of the
voltage regulator.

13. A low drop out voltage regulator as claimed in claim
12, characterised by further including a start-up cir-
cuit arranged to initiate conduction of current through
the first and second field effect transistors so that
the output voltage at the output of the regulator rises
sufficiently for the controller to operate.

14. A low drop out voltage regulator as claimed in any
of the preceding claims, further comprising a first re-
sistor connected between a gate and a source of the
first field effect transistor so as to bias the transistor
off when no current is flowing in the third field effect
transistors, and/or in which the first and second field
effect transistors are larger than the third and fourth
field effect transistors.

15. A system comprising a low drop out voltage regulator
as claimed in any of the preceding claims, and a
rechargeable battery connected to the regulator in-
put.

Patentansprüche

1. Low-Drop-Out-Spannungsregler, Folgendes umfas-
send
einen ersten und einen zweiten Feldeffekttransistor
(M1, M2), welche in Reihe zwischen einem Regler-
eingang (4) und einem Reglerausgang (6) angeord-
net sind;
einen dritten Feldeffekttransistor (M3), welcher mit
dem ersten Feldeffekttransistor (M1) zusammenar-
beitet, um einen ersten Stromspiegel auszubilden;
einen vierten Feldeffekttransistor (M4), welcher mit
dem zweiten Feldeffekttransistor (M2) zusammen-
arbeitet, um einen zweiten Stromspiegel auszubil-
den;
einen ersten und einen zweiten Steuertransistor
(Q1, Q2), welcher mit den dritten bzw. dem vierten
Feldeffekttransistor in Reihe geschaltet sind, um so
den Strom zu steuern, welcher darin fließt;
gekennzeichnet durch
eine Steuervorrichtung (12, 10), welche eingerichtet
ist, ein Steuersignal auf der Grundlage eines Ver-
gleichs zwischen einer Ausgangsspannung an dem
Reglerausgang und einer vorgegebenen Referenz-
spannung zu bestimmen und das Steuersignal dem
ersten und dem zweiten Steuertransistor (Q1, Q2)
bereitzustellen.

2. Low-Drop-Out-Spannungsregler nach Anspruch 1,
dadurch gekennzeichnet, dass er weiterhin einen
ersten Spannungsbegrenzer (70) parallel zu dem
ersten Feldeffekttransistor und einen zweiten Span-
nungsbegrenzer (72) parallel zu dem zweiten Feld-
effekttransistor umfasst.

3. Low-Drop-Out-Spannungsregler nach Anspruch 2,
dadurch gekennzeichnet, dass der erste Span-
nungsbegrenzer (70) eine erste Vielzahl von Halb-
leitervorrichtungen umfasst, welche in Reihe ange-
ordnet sind, und der zweiter Spannungsbegrenzer
(72) eine zweite Vielzahl von Halbleitervorrichtun-
gen umfasst, welche in Reihe angeordnet sind.

4. Low-Drop-Out-Spannungsregler nach Anspruch 3,
dadurch gekennzeichnet, dass die Halbleitervor-
richtungen mehrere Dioden oder mehrere dioden-
geschaltete Transistoren umfassen.

5. Low-Drop-Out-Spannungsregler nach einem der
vorhergehenden Ansprüche, dadurch gekenn-
zeichnet, dass die Steuertransistoren (Q1, Q2) ein
erster und ein zweiter Bipolartransistor sind oder in
Reihe geschaltete MOS-Transistoren sind.

6. Low-Drop-Out-Spannungsregler nach Anspruch 5,
dadurch gekennzeichnet, dass der erste und der
zweite Bipolartransistor (Q1, Q2) durch mindestens
einen weiteren Stromspiegel getrieben werden, und
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wobei der Strom in dem Stromspiegel begrenzt ist,
um einen ersten Schwellenwert nicht zu überstei-
gen.

7. Low-Drop-Out-Spannungsregler nach Anspruch 6,
dadurch gekennzeichnet, dass der erste Schwel-
lenwert auf der Grundlage von Eigenschaften des
ersten und des zweiten Stromspiegels derartig aus-
gewählt ist, dass der Strom durch den ersten und
den zweiten Feldeffekttransistor auf einen Schwel-
lenwert begrenzt ist.

8. Low-Drop-Out-Spannungsregler nach einem der
vorhergehenden Ansprüche, dadurch gekenn-
zeichnet, dass der erste und der zweite Transistor
in individuellen Wannen in einem Halbleitersubstrat
derartig ausgebildet sind, dass jeder Transistor ein
hinteres Gatter aufweist, welches mit einem Source-
Anschluss verbunden ist.

9. Low-Drop-Out-Spannungsregler nach Anspruch 5,
dadurch gekennzeichnet, dass der erste und der
zweite Bipolartransistor (Q1, Q2) parasitische Tran-
sistoren sind, welche durch eine Ausbildung der
Feldeffekttransistoren in einem Dreifach-Wannen-
prozess resultieren.

10. Low-Drop-Out-Spannungsregler nach einem der
vorhergehenden Ansprüche, dadurch gekenn-
zeichnet, dass die Feldeffekttransistoren eine erste
Durchbruchspannung aufweisen, welche geringer
ist als die maximale Arbeitseingangsspannung des
Reglers, und die Steuertransistoren eine Durch-
bruchspannung aufweisen, welcher höher ist als die
maximale Arbeitseingangsspannung des Reglers.

11. Low-Drop-Out-Spannungsregler nach einem der
vorhergehenden Ansprüche, dadurch gekenn-
zeichnet, dass die Steuervorrichtung (10, 12) einen
Steuerstrom ausbildet, welcher sich erhöht, wenn
die Ausgangsspannung an dem Reglerausgang un-
ter eine Zielausgangsspannung fällt.

12. Low-Drop-Out-Spannungsregler nach einem der
vorhergehenden Ansprüche, dadurch gekenn-
zeichnet, dass die Steuervorrichtung ihre Energie
von dem Ausgang des Spannungsreglers erhält.

13. Low-Drop-Out-Spannungsregler nach Anspruch 12,
dadurch gekennzeichnet, dass er weiterhin eine
Anlassschaltung aufweist, welche eingerichtet ist,
eine Leitung des Stroms durch den ersten und den
zweiten Feldeffekttransistor zu initiieren, so dass die
Ausgangsspannung an dem Ausgang des Reglers
ausreichend ansteigt, damit die Steuervorrichtung
arbeitet.

14. Low-Drop-Out-Spannungsregler nach einem der

vorhergehenden Ansprüche, welcher weiterhin ei-
nen ersten Widerstand umfasst, welcher zwischen
einem Gate und einer Source des ersten Feldeffekt-
transistors geschaltet ist, um so den Transistor aus-
geschaltet vorzuspannen, wenn kein Strom in dem
dritten Feldeffekttransistor fließt, und/oder in wel-
chem der erste und der zweite Feldeffekttransistor
größer sind als der dritte und der vierte Feldeffekt-
transistor.

15. System, einen Low-Drop-Out-Spannungsregler
nach einem der vorhergehenden Ansprüche und ei-
nen Akkumulator umfassend, welcher mit dem Reg-
lereingang verbunden ist.

Revendications

1. Régulateur de tension à faible chute comprenant :

des premier et deuxième transistors à effet de
champ (M1, M2) agencés en série entre une en-
trée de régulateur (4) et une sortie de régulateur
(6) ;
un troisième transistor à effet de champ (M3)
coopérant avec le premier transistor à effet de
champ (M1) pour former un premier miroir de
courant ;
un quatrième transistor à effet de champ (M4)
coopérant avec le deuxième transistor à effet de
champ (M2) pour former un deuxième miroir de
courant ;
des premier et deuxième transistors de com-
mande (Q1, Q2) connectés en série avec les
troisième et quatrième transistors à effet de
champ respectivement de manière à comman-
der le courant circulant dans ceux-ci ; caracté-
risé par
un contrôleur (12, 10) agencé pour déterminer
un signal de commande sur la base d’une com-
paraison entre une tension de sortie au niveau
de la sortie du régulateur et une tension de ré-
férence prédéterminée, et pour fournir le signal
de commande aux premier et deuxième transis-
tors de commande (Q1, Q2).

2. Régulateur de tension à faible chute selon la reven-
dication 1, caractérisé en ce qu’il comprend en
outre un premier limiteur de tension (70) en parallèle
avec le premier transistor à effet de champ et un
deuxième limiteur de tension (72) en parallèle avec
le deuxième transistor à effet de champ.

3. Régulateur de tension à faible chute selon la reven-
dication 2, caractérisé en ce que le premier limiteur
de tension (70) comprend une première pluralité de
dispositifs à semi-conducteurs agencés en série, et
le deuxième limiteur de tension (72) comprend une
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deuxième pluralité de dispositifs à semi-conducteurs
agencés en série.

4. Régulateur de tension à faible chute selon la reven-
dication 3, caractérisé en ce que les dispositifs à
semi-conducteurs comprennent une pluralité de dio-
des ou une pluralité de transistors connectés en dio-
de.

5. Régulateur de tension à faible chute selon l’une quel-
conque des revendications précédentes, caractéri-
sé en ce que les transistors de commande (Q1, Q2)
sont des premier et deuxième transistors bipolaires
ou sont des transistors MOS connectés en série.

6. Régulateur de tension à faible chute selon la reven-
dication 5, caractérisé en ce que les premier et
deuxième transistors bipolaires (Q1, Q2) sont com-
mandés par au moins un autre miroir de courant, et
dans lequel le courant dans le miroir de courant est
limité de manière à ne pas dépasser un premier seuil.

7. Régulateur de tension à faible chute selon la reven-
dication 6, caractérisé en ce que le premier seuil
est sélectionné sur la base des propriétés des pre-
mier et deuxième miroirs de courant de sorte que le
courant à travers les premier et deuxième transistors
à effet de champ soit limité à une valeur de seuil.

8. Régulateur de tension à faible chute selon l’une quel-
conque des revendications précédentes, caractéri-
sé en ce que les premier et deuxième transistors
sont formés dans des puits individuels dans un subs-
trat semi-conducteur de sorte que chaque transistor
ait une grille arrière connectée à une borne de sour-
ce.

9. Régulateur de tension à faible chute selon la reven-
dication 5, caractérisé en ce que les premier et
deuxième transistors bipolaires (Q1, Q2) sont des
transistors parasites résultant de la formation des
transistors à effet de champ dans un processus à
trois puits.

10. Régulateur de tension à faible chute selon l’une quel-
conque des revendications précédentes, caractéri-
sé en ce que les transistors à effet de champ ont
une première tension de claquage inférieure à la ten-
sion d’entrée de fonctionnement maximum du régu-
lateur et les transistors de commande ont une ten-
sion de claquage supérieure à la tension d’entrée de
fonctionnement maximum du régulateur.

11. Régulateur de tension à faible chute selon l’une quel-
conque des revendications précédentes, caractéri-
sé en ce que le contrôleur (10, 12) forme un courant
de commande qui augmente lorsque la tension de
sortie au niveau de la sortie du régulateur tombe au-

dessous d’une tension de sortie cible.

12. Régulateur de tension à faible chute selon l’une quel-
conque des revendications précédentes, caractéri-
sé en ce que le contrôleur reçoit sa puissance de la
sortie du régulateur de tension.

13. Régulateur de tension à faible chute selon la reven-
dication 12, caractérisé en ce qu’il comprend en
outre un circuit de démarrage agencé pour lancer la
conduction de courant à travers les premier et
deuxième transistors à effet de champ de sorte que
la tension de sortie au niveau de la sortie du régu-
lateur augmente suffisamment pour que le contrô-
leur fonctionne.

14. Régulateur de tension à faible chute selon l’une quel-
conque des revendications précédentes, compre-
nant en outre une première résistance connectée
entre une grille et une source du premier transistor
à effet de champ de manière à mettre le transistor à
l’état bloqué lorsqu’aucun courant ne circule dans le
troisième transistor à effet de champ, et/ou dans le-
quel les premier et deuxième transistors à effet de
champ sont plus grands que les troisième et quatriè-
me transistors à effets de champ.

15. Système comprenant un régulateur de tension à fai-
ble chute selon l’une quelconque des revendications
précédentes, et une batterie rechargeable connec-
tée à l’entrée du régulateur.
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